Background: Large wide-necked arterial bifurcation aneurysms present a unique challenge for endovascular coil embolization treatment. One technique described in the literature deploys a Neuroform stent into the neck of the aneurysm in the shape of a waffle-cone, thereby acting as a scaffold for the coil mass. This case series presents four patients with large wide-necked bifurcation aneurysms treated with the closed-cell Enterprise stent using the waffle-cone technique. Case Description: Four patients (59 ± 18 years of age) with large wide-necked arterial bifurcation aneurysms (three basilar apex and one MCA bifurcation) were treated with the waffle-cone technique using the Enterprise stent as a supporting device for stent-assisted coil embolization. Three of the patients presented with aneurysmal subarachnoid hemorrhage (Hunt-Hess 2-3; Fisher Grade 3-4). There was no procedural morbidity or mortality associated with treatment itself. One aneurysm was completely obliterated, and three had small residual necks. One patient developed an area of PCA infarct and visual field cut one month after the procedure and required recoiling of the residual neck. The flared ends of the Enterprise stent remodeled the aneurysm neck by conforming to the shape of the neck without any technical difficulty, resulting in a stable scaffold holding the coils into the aneurysm. Conclusion: The closed cell construction, flexibility, and flared ends of the Enterprise stent allow it to conform to the waffle-cone configuration and provide a stable scaffold for coil embolization of large wide-necked arterial bifurcation aneurysms. We have had excellent initial results using the Enterprise stent with the waffle-cone technique. However, this technique is higher risk than standard treatment methods and therefore should be reserved for large wide-necked bifurcation aneurysms where "Y" stenting is needed, but not possible, and surgical clip ligation is not an option.
INTRODUCTION
Coil loop extrusion from the neck of large, wide-necked arterial bifurcation aneurysms poses a challenge for endovascular treatment in part because they can occlude the parent vessel or its branches. [6] Several techniques have been developed to overcome this problem, one of which is waffle-coning, initially described using the open-celled Neuroform stent and named for the appearance of the flared distal end within the aneurysm fundus. [4] The procedure deploys a stent within the confines of the aneurysm neck, thus acting as a scaffold to support the coil mass and protect parent branches from occlusion.
The Enterprise, a flexible closed-cell stent, was designed to bridge the opening of wide-necked aneurysms during stent-assisted coiling. Additionally, the closed-cell design allows for retrieval of partially deployed stents, thereby improving precise positioning. [3, 7] Recently, there was a single case report describing the successful deployment of the Enterprise stent in the waffle-cone configuration of a large basilar trunk aneurysm. [2] This stenting technique can be potentially used in any large wide-necked arterial bifurcation aneurysm in which multiple branches originate from the aneurysm neck, making it difficult to protect against coil extrusion and distal arterial occlusion. We describe our initial experience using the Enterprise for stent-assisted waffle-cone coil embolization of wide-necked aneurysms in a series of four patients, three with basilar apex aneurysms (two ruptured, one unruptured) and the fourth being an MCA bifurcation aneurysm.
CASE REPORTS
Approval from SUNY Upstate Institutional Review Board was obtained to review these cases. All patients [ Table 1 ] signed informed consent for the specific use of the Enterprise stent and another for stent-assisted coil embolization of the intracranial aneurysm.
Waffle-cone technique
The waffle-cone technique, as described previously for the Neuroform stent, [4] was used with the Enterprise stent in all cases for these four large wide-necked bifurcation aneurysms [ Figure 1 ]. Selective catheterization of the aneurysm and deployment of the Enterprise stent with the distal stent tines being deployed into the proximal neck of the aneurysm were carried out through a Prowler Select Plus microcatheter (Cordis Neurovascular, Miami, FL) in the waffle-cone conformation [ Figure 2] . A point within the aneurysm neck measuring greater than the flared ends of the Enterprise stent (>4.5 mm) was identified for deployment of the distal tines to prevent injury and rupture of the aneurysm. This was then followed by packing the aneurysm with a series of appropriately sized coils for the individual aneurysm.
All ruptured aneurysm patients were placed on abciximab intravenous drip after coil embolization until external ventricular drainage was not needed, after which they were placed on aspirin 325 mg and clopidogrel 75 mg orally daily for three months, and then aspirin 81 mg daily. The unruptured aneurysm patient was premedicated for one week prior to the intervention with aspirin 325 mg and clopidogrel 75 mg orally daily, followed by the same postprocedure antiplatelet oral regimen described above for the ruptured aneurysms.
Patient cases
One basilar apex aneurysm [ Figure 3 ] had a small residual (2.5 × 3.0 mm) outside of the stent tines with an Aneurysm Embolization Grade (AEG) [1, 11] of "C" [ Table 2 ], where the P1 origin was incorporated into the aneurysm neck. This patient also had a delayed onset of a small posterior cerebral artery stroke with a visual field cut one month after the initial intervention and required the recoiling of the residual neck, which reduced the AEG to "B." Two year follow-up imaging demonstrated a patent Enterprise stent with no significant in-stent stenosis and no recurrence of the aneurysm nor progression of PCA infarct.
Two other basilar apex aneurysms (one ruptured, one elective) had small residuals with delayed filling at the neck (AEG-"B"), again where the P1 origin was incorporated into the aneurysm neck [ Figures 4 and 5] . These small residuals spontaneously thrombosed and the AEG improved from "B" to "A" on follow-up cerebral angiography performed during 1-3 month follow-up.
The ruptured MCA bifurcation aneurysm was completely obliterated (AEG-"A") during initial treatment with this technique, without occlusion or compromise of the branching arteries at the bifurcation [ Figure 6 ]. All parent vessels and their respective branches remained patent after all procedures. Abciximab intravenous drip resulted in thrombocytopenia and had to be stopped prior to the intended date and the patient started on aspirin 325 mg 
Periprocedural complications
There were no intraprocedural or immediate postprocedure complications related to technique in any of these cases. None of these patients presented with any symptoms of mass effect or cranial neuropathy from the aneurysm and stent-coil embolization of these vascular lesions did not result in de novo neurological deficits. The electively stent-coiled aneurysm patient was discharged home the next day and the subarachnoid hemorrhage patients had uneventful courses within the neurocritical care unit.
DISCUSSION
Large complex wide-necked intracranial aneurysms, such as those described here, present technical challenges that mandate thinking differently about treatment endeavors. The waffle-cone technique is one such technique that addresses the endovascular challenge of coiling these types of complex bifurcation aneurysms. An advantage of the Enterprise over the Neuroform stent is its flexible closed-cell design which allows it to be retrieved and repositioned when up to 70% is deployed. [3] The Neuroform stent cannot be retrieved once the first set of open cells are deployed, preventing stent repositioning. An additional edge provided by Enterprise is its flared ends that allow it to naturally conform to the waffle-cone shape in the aneurysm neck, unlike the parallel tubular shape of the Neuroform stent. Other closed-cell stents have been designed, such as the Solitaire-AB retrievable stent (eV3/Covidien, Irvine CA, USA), [5] but is currently not FDA approved for use in the United States and therefore not available to us.
The largest of the three basilar tip aneurysms was left with a residual neck at the junction of the P1 origin after initial treatment to avoid PCA occlusion and later required retreatment. This recurrence is consistent with reports in the literature of aneurysm, size greater than 10 mm is an independent predictor of recurrence, and also the fact that residual aneurysm neck was left intentionally to preserve the patency of the P1 origin in this case. [9] A potential downside to using a closed-cell stent is that it can limit access to the distal vascular tree, even though the cell size is 1.3 Fr and should allow passage of most endovascular microcatheters. An additional downside of the Enterprise stent is that the closed-cell design may limit blood flow from the parent artery through the stent tube into the branching arteries where it covers them at their origins. Although we did not encounter this problem in any of our patients and there were not any hemodynamic alterations noted on angiography, the open cell-design of the Neuroform stent would theoretically minimize these potential complications.
As with any stent-assisted coiling in the setting of subarachnoid hemorrhage, antiplatelet therapy is needed to reduce the risk of thromboembolic events from the stent, which increases the risk of hemorrhagic complications from the aneurysm itself or invasive procedures needed for hydrocephalus. Many of these patients will require external ventricular drains, ventriculperitoneal shunts, or other procedures and operations that are higher risk with antiplatelet usage. However, the risk from stent-assisted coiling must be weighed against that of surgical clip ligation of these complex aneurysms.
When compared with the "Y"-stent technique, this approach uses a single stent helping to reduce cost and more importantly, reduce the surface area of exposed metal to the vessel lumen. Reduced exposure of blood to a metal surface should reduce the risk of thromboembolic events and the probability of in-stent stenosis; although some would argue that jailing of the branching artery origins by a closed-cell stent could actually increase the risk of immediate hemodynamic compromise, thromboembolic complications, and delayed in-stent stenosis. Currently, there are no studies that address any actual thromboembolic complication rates of these two stents with this technique. Other techniques of stent placement across the base of a wide-necked basilar apex aneurysm include placement via p-com across the basilar aneurysm neck by deploying into bilateral P1 segments. This technique requires a large p-com with favorable anatomy and also can jail out the P1 origins from the blood flow directed through the basilar artery. [8, 10] The waffle-cone technique avoids the need for large communicating vessels with favorable anatomy and the placement of multiple stents needed for the "Y"-stent technique.
However, caution with the waffle-cone technique is warranted, independent of the type of stent used to assist with coil embolization. Treatment of aneurysms with a relatively short dome height could be dangerous with the waffle-cone technique in the event that forward tension on the microcatheter results in forward migration of the stent during deployment. In this situation, aneurysm perforation could occur with disastrous results as it could with any procedure involving the treatment of aneurysms with short domes. Therefore, we believe that the waffle-cone technique is useful only for carefully selected aneurysm morphologies consistent with long dome heights and wide-necks that incorporate the bifurcating vessels, unable to be "Y" stented or surgically clipped. This technique is not recommended for aneurysms with narrow necks or short dome heights where deployment error could result in rupture, or aneurysms with necks less than 4.5 mm (size of the distal stent flare) where the opening distal end of the stent could perforate the aneursym.
CONCLUSIONS
Coil embolization of large wide-necked arterial bifurcation aneurysms has been described here using the waffle-cone technique with the Enterprise stent. The closed-cell design, flexibility, and flared ends of the Enterprise stent allow it to conform to the natural morphology of the aneurysm neck into the waffle-cone configuration providing a stable scaffold for coil embolization. We have had excellent initial results with this technique, but the interventionalist must keep in mind that the technical risk is higher than the traditional stent-assisted and balloon-assisted coiling procedures. Therefore, the waffle-cone technique should be reserved for those bifurcation aneurysms with wide necks incorporating the branching vessel origins, where "Y" stenting is needed but not possible due to the aneurysm neck morphology, and surgical clip ligation is not an option.
